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两个助细胞在授粉前的钙分布相似。授粉后 1 h 一个助细胞就呈现出退
化状和细胞中的钙明显增多，另一个宿存助细胞中的钙分布与授粉前相似。




























Calcium is one of indispensable elements with many important 
physiological functions during plant growth and development. Sexual 
reproduction of higher plants is a complex process including a series 
of delicate developmental processes of sexual organs and cells, as well 
as some special time and space interactions between male and female 
tissues. Calcium is of importance in the process of sexual reproduction 
of higher plants. Past studies focused on the relation between calcium 
in the ovules and directional growth of pollen tube before and after 
anthesis, and calcium functions in the fertilization. Nevertheless, 
studies about distribution and functions of calcium during anther 
development and early development of female gametophyte are very few. 
Potassium antimonite was used to locate calcium in the anther and 
gynoecium of lettuce (Lactuca sativa L.) in order to study distribution 
and function of calcium during sexual reproduction comprehensively. 
The results were as following. 
1. During anther development, microspore mother cell and tetrad 
showed very few calcium granules. Few calcium granules were 
precipitated in the microspores just released from the tetrad, but many 
ones on the surface of exine. Then, calcium increased in the nucleus 
and cytoplasm of early microspores. When some small vacuoles appeared 
in the cytoplasm, many calcium granules were accumulated in the 
cytoplasm and nucleus of microspores, as well as many ones in the exine. 
As a big vacuole appeared in the late microspores, calcium decreased 
and few calcium granules in the cytoplasm and nucleus, but some still 
in the vacuole. Calcium distribution in early 2-cellular pollens with 
a big vacuole resembled that of late microspores. When vacuoles 
disappeared, few calcium precipitates were located in the cytoplast 
of bicellular and mature pollens, but abundant calcium granules were 
accumulated on the surface of pollens. It indicated that calcium was 
related to the formation of microspore vacuoles. Moreover, calcium in 
the vacuoles might play a penetrating role. Abundant calcium granules 
were tactically deposited on the pollen wall but few ones were 
accumulated in the cytoplast of pollens during anther development, and 
the former prepared for pollen germinating in the future.  
Few calcium granules were accumulated in the tapatum cells at the 














began to degenerate and calcium evidently increased in the cells, as 
well as many small calcium granules were accumulated in the locule of 
anther. Degeneration of tapetum cells was related to calcium. Moreover, 
tapatum cells during degeneration transported nutrition and calcium 
into anther locule for pollen development.  
2. During megasporogenesising, megasporocyte meiosis formed a 
tetrad, of which three megaspores at the micropyle end was no function 
and degenerated one by one from micropyle direction. Many small calcium 
granules were accumulated in the undegraded megaspores. When 
megaspores were about to degenerate, however, less calcium 
precipitates were located in the cells. During megaspore degeneration, 
calcium precipitates increased in the cytoplasm of degenerative 
megaspores perhaps because of membrane collapsing and calcium 
influxing again. It suggested that degeneration of megaspores was 
caused by low calcium concentration in the cells, on the contrary, 
higher calcium lever in the cells would keep megaspores intact.  
At the stage of dissociative nucleus embryo sac, calcium in the 
cytoplasm and nucleus evidently decreased, and abundant calcium in the 
vacuoles with the volume of vacuoles increased. Therefore, it was 
presumed that calcium was related to the formation and maintaining of 
large vacuole during dissociative nucleus embryo sac, moreover, 
calcium in the vacuole might play a penetrating role.  
During embryo sac cells development, calcium in the synergids 
increased with development, and the filiform apparatus of synergids 
formed at 1 d before anthesis where abundant calcium granules were 
accumulated to prepare for pollen tubes entering. The egg just forming 
was presented few calcium granules. Calcium evidently increased in the 
egg at 2 d anthesis. When eggs formed a big vacuole at the micropyle 
end and nucleus was pushed toward the opposite, calcium was discharged 
from the cell in order to keep cells normal development. Two polar 
nuclei of central cell separately located at two polars of cell and 
few calcium granules in the central cell at 3 d before anthesis. Two 
polar nuclei of central cell fused and formed a secondary nucleus at 
2 d before anthesis and calcium evidently increased. At 1 d before 
anthesis, secondary nucleus moved to near the egg to prepare for 
fertilization, when central cell accumulated many calcium granules in 














and promoted primary endorsperm nucleus division.  
3. A few calcium granules were presented in the wall of epidermis 
cells on no-receptive surface, however, abundant calcium granules in 
the wall of papillae on the receptive surface of stigma before and after 
pollination, which might facilitate pollen germination. There is a 
calcium gradient in the transmitting tissue and parenchyma of style 
from upper to down before pollination. After pollination, pollen tubes 
crossed the wall of papillae and grew into the cellular gaps of 
transmitting tissue. At the same time, calcium distinctly increased 
in the transmitting tissue and calcium gradient became more evident. 
Calcium granules decreased in the parenchyma around transmitting 
tissue as it increased in the transmitting tissue. Calcium in style 
was of space and time change with pollen tube growth. Firstly, 
transmitting tissue didn’t need calcium and calcium was stored in the 
parenchyma before pollination. However, calcium in parenchyma might 
be transported to transmitting tissue and made the latter contained 
more calcium to meet the requirement of pollen tubes after pollination. 
Secondly, an evident calcium gradient was formed in the style tissues, 
which led pollen tubes growing directly.  
4. Before fertilization, the egg was showed a few calcium 
precipitates, moreover, most of which were accumulated in the nucleus. 
After the egg was fertilized, calcium precipitates in the cell 
increased, which abundant small calcium granules were accumulated in 
the large vacuole, as well as some big calcium granules appeared in 
the karyoplasms. When zygote completed the first division, calcium 
precipitates decreased in the 2-celled proembryo. In the mule-celled 
proembryo, calcium precipitants became few in the cells. It indicated 
that the first division of zygote required some calcium. During early 
embryo development, metabolism activity of proembryo cells was strong 
and required keeping low calcium level to avoid calcium poison.  
Before pollination, calcium distribution in two synergids was same. 
At 1h after pollination, calcium precipitates evidently increased in 
one synergid that degenerated, and the other one was persistent and 
calcium distribution didn’t change just like that of before 
pollination. Two synergids kept intact at 1 d after emasculated and 
without pollination and calcium distribution didn’t change. That 














tubes, which the latter released some signal to induce the former to 
increase calcium.  
Before fertilization, calcium precipitates in the central cell 
were a few, most of which were accumulated in the nucleus. After 
fertilization, calcium precipitates increased and a few calcium 
precipitants were presented in the nucleus and cytoplasm and vacuole 
of central cell. When primary endosperm nucleus completed the first 
division, abundant calcium precipitates were accumulated in the cell. 
It indicated that calcium increase after fertilization in the central 
cell promoted the cell division. During early endosperm development, 
calcium precipitates apparently decreased, which would ensure normal 
physiological functions of the cell.  
Abundant calcium granules were accumulated in the micropyle before 
fertilization. Calcium, however, decreased sharply in the micropyle 
after fertilization and formed some big calcium pieces. It indicated 
that abundant calcium in the micropyle attracted pollen tubes entering 
the ovule, and calcium decreased after pollen tubes passing, which made 
other pollen tubes lose growth direction and avoided more than one 
pollen tubes entering. 
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